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Oocytes of the oyster, Orassostrea gigas, are arrested at the first prophase (pro-
phase I) or the first metaphase (metaphase I) of meiosis until fertilization. To study 
the requirement of protein synthesis for the maintenance of.meiotic arrest, I inves-
tigated whether protein synthesis inhibitors, emetine and puromycin, induce meiosis 
resumption in oyster oocytes. Unfertilized oocytes incubated in seawater containing 
emetine (100-500 pM) underwent germinal vesicle breakdown (GVBD), first polar 
body extrusion, swollen nucleus formation and, often, cleavage. In seawater contain-
ing puromycin (10-500 pM) unfertilized oocytes also underwent GVBD, but were 
arrested at the metaphase I. These results suggest the possibility that the two kinds 
of proteins are related to the maintenance of meiotic arrest. One may block the release 
from prophase I arrest while the other blocks the release from the metaphase I arrest. 
INTRODUCTION 
In pelecypods, spawned oocytes are arrested at the first prophase of meiosis 
{prophase I) or at the first metaphase of meiosis (metaphase I), until fertilization 
(LoNGO, 1985). A protein synthesis inhibitor, emetine, induces meiosis resumption 
in unfertilized oocytes of the blue mussel, Mytilus edulis, which are arrested at 
metaphase I. Based on this finding, DuBJi: and DuFRESNE (1990) asserted that the 
maintenance of metaphase I arrest requires a continuous supply of one or a few 
labile protein(s) synthesized in the unfertilized mussel oocytes. The present study 
examined whether new protein synthesis is required to maintain not only metaphase 
I arrest but also that of prophase I. 
In the oyster, Orassostrea gigas, oocytes are arrested both at prophase I and at 
metaphase I. Oocytes taken from the ovary are in prophase I (GV oocytes). GV 
oocytes undergo germinal vesicle ~reakdown (GVBD) in seawater containing ser-
otonin and are arrested again at metaphase I (OsANAI, 1985). Therefore, oyster 
oocytes were used to examine the effect of protein synthesis inhibitors on the 
induction of meiosis resumption from prophase I and metaphase I arrests. 
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MATERIALS AND METHODS 
Gametes. 
The oysters, Orassostrea g~agas, were collected around the Marine Biological 
Station, Tohoku University, Asamushi, Aomori, and kept in running seawater. 
Oocytes were obtained by dissection in acid seawater (pH 6). The oocytes were 
sedimented with a hand centrifuge and the supernatant was aspirated off. The 
sedimented oocytes were washed three or four times with fresh acid seawater, in 
which spontaneous GVBD was prevented (OsANAI, 1985). 
To obtain metaphase !-arrested oocytes, GV oocytes (prophase !-arrested 
oocytes) were incubated in seawater containing 1- 10 ,uM serotonin (5-
hydroxytryptamine) creatinine sulfate (Sigma) for 40-60 min. Dechorionated 
oocytes were prepared by incubating GV oocytes in acid Ca, Mg-free seawater (pH 
6.0) containing 1 mM ethyleneglycol-bis-(,B-aminoethylether) N, N' -tetraacetic acid 
(EGTA) and 0.2 mg/ ml trypsin (Sigma) for lO min and by washing with acid Ca, 
Mg-free seawater containing EGTA (KuRAISHI and OsANAI, 1988). 
Seawater and chemicals. 
Natural seawater was used after the filtration t hrough W atmann No. 2 filter 
papar. Ca, Mg-free seawater was prepared by modifying HERBST's procedure 
(OsANAI, 1975) and adjusted to pH 6.0 with 2-(N-morpholino)ethane-sulfonic acid 
monohydrate-NaOH buffer (1 mM). 
The protein synthesis inhibitors emetine and puromycin (Sigma) were dissolved 
at 10 mM in distilled water and diluted with seawater prior to use. 
Cytology. 
For cytological examination, oocytes were fixed in CARNOY's methanol-acetic 
acid (3: 1) overnight and then stored in 80% ethanol. Fixed specimens were 
resuspended in CARNOY's fluid, placed on a glass slide and mixed with lacto-aceto-
orceln. 
RESULTS 
Release of prophase- and metaphase-arrest with emetine. 
Unfertilized GV oocytes were incubated in seawater contammg 10- 500 ,uM 
emetine. The oocytes underwent GVBD and polar body formation (Fig. 1a). 
Usually, only one polar body was extruded. After the extrusion of the first polar 
body, cytoplasmic division resembling cleavage occurred in 200-500 ,uM emetine 
(Fig. 1b, c). Emetine-treated eggs frequently divided into equal-sized daughter 
blastomeres, though normal oyster eggs divided into two blastomeres of unequal size, 
with the formation of a large polar lobe. 
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Fig. 1. Polar body formation and cleavage in emetine-treated oocytes. Unfertilized 
GV oocytes were incubated in seawater containing 100 (a), 200 (b) or 500 (c) 11M 
emetine for 100 min at 24"C (X 145). 
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To observe meiotic changes in nuclei, emetine-treated oocytes were examined 
cytologically after fixation and staining. GV oocytes were incubated in seawater 
containing 200 ,uM emetine. After 30 min the most of them reached metaphase I 
with chromosomes arranged on the metaphase plate (Fig. 2b ). After 60 min, 
emetine-treated oocytes showed meiotic stages from the first metaphase to the second 
metaphase (Fig. 2c, d). In about one fourth of the oocytes, the first polar body was 
extruded and the chromosomes remaining in the oocyte lay on the second meiotic 
plate. After incubation for 120 min, three fourths of the oocytes had swollen, large 
nuclei (Fig. 2e, f). The frequencies of mitotic stages observed at each time point in 
emetine-treated oocytes are shown in Table l. 
In oocytes incubated in 100 ,uM emetine for 90 min duplicate numbers (20) of 
second meiotic chromosomes were aggregated near the animal pole, to which the first 
polar body was attached. Some oocytes exposed to 500 ,uM emetine for 90 min 
underwent cleavage after the extrusion of the first polar body. In the cleaved eggs, 
condensed chromosomes were not detected by orcein staining. In many oocytes 
dispersed chromosomes or swollen nuclei of variable size were seen distributed 
throughout the ooplasm. 
This observation suggests that, in emetine-treated oocytes, chromosomes remain-
ing after the first polar body extrusion are duplicated in number, but a haploid set 
of chromosomes is not extruded as a second polar body. The duplicate numbers of 
chromosomes reaggregated without being separated toward the spindle poles, and 
then dispersed throughout the ooplasm or decondensed to form swollen nuclei. The 
sequential changes in emetine-treated oocytes are shown schematically in Fig. 3. 
Emetine was effective also in releasing metaphase I arrest in oyster oocytes. GV 
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Fig. 2. Meiotic changes in emetine-treated oocytes. GV oocytes were incubated in 200 
JlM emetine in seawater for 30 min (a, b), 60 min (c, d) or 120 min (e, f) at 24·0, 
fixed in CARNOY's fluid and stained with lacto-aceto-orcein ( x 535). 
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Table l. 
Meiotic changes in emetine-treated oocytes. 
Stages 
Incubation Time (min) 
30 60 120 
GV stage 3.4% 6.3% 3.5% 
GVBD 9.1 
Metahpase I 86.4 49.2 2.8 
Anaphase !-Telophase I l.l 16.4 2.1 
Metaphase II 28.1 10.6 
Anaphase II-Telophase II 2.8 
Swollen nuclei, 
No polar body 2.1 
With one polar body 75.9 
No. of oocytes observed 88 128 141 
GV oocytes were incubated in sea water containing 20 JlM emetine for 30- 120 min at 25·0. 
Counts were made using fixed and stained specimens. 
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Fig. 3. Schematic diagram showing successive changes in emetine-treated oocytes. 
Numbers shown in the figure indicate percentage frequencies of each stage in an 
experiment in which metaphase I oocytes were incubated in 200 JlM emetine for 60 
min at 25·0. 
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Fig. 4. Induction of meiosis in oocytes arrested at metaphase I. Metaphase I oocytes, 
previously exposed to 10 ,uM serotonin for 40 min, were incubated in 200 ,uM 
emetine in seawater (a, b) or in emetine-free sea water (c, d) for 60 min ( x 535). 
oocytes were previously exposed to serotonin to induuce GVBD. Metaphase I 
oocytes were incubated in seawater containing emetine. The oocytes underwent the 
first meiosis (Fig. 4a, b). After the first polar body extrusion, duplicated chromo-
somes dispersed throughout the ooplasm or decondensed to form pronuclear bodies. 
Numbers shown in Fig. 3 indicate the frequencies of stages observed in oocytes 
incubated in 200 ,.uM emetine for 60 min. After incubation for 3 hrs many emetine-
treated oocytes underwent cleavage independent of nuclear division (Table 2). The 
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Table 2. 
Release from metaphase arrest. Metaphase I oocytes, which were 
preincubated in 10 ,uM serotonin in SW for 35 min, were 
incubated in sea water containing 10-200 ,uM emetine. 















control oocytes incubated in emetine-free seawater remained at metaphase I (Fig. 4c, 
d). 
Induction of GVBD with puromycin. 
Unfertilized GV oocytes were incubated in seawater containing puromycin. In 
more than 10 ,.uM puromycin, the oocytes underwent GVBD in a dose-dependent 
manner (Table 3). This GVBD was not due to spontaneous maturation, though the 
maturation often occurred in oyster oocytes (Fig. 5B). When oocytes were incubat-
ed in 500 ,.uM puromycin, they completed GVBD by 20 min and reached metaphase 
I (Fig. 5B, Table 4). 
Successive meiotic changes were traced cytologically. Chromosomes, which 
began to condense within the germinal vesicle, dispersed in the ooplasm attendant 
upon the disappearence of the nuclear envelope, and then reaggregated near the 
animal pole, becoming arranged on the meiotic plate (Fig. 6e, f). No first polar 
body was extruded. The puromycin-treated oocytes remained at metaphase I even 
Table 3. 
Induction of GVBD with puromycin 
Concentration of puromycin GVBD 
A* B* 
500 ,uM 82.3% 95.7% 
100 67.3 92.7 
10 34.3 73.5 
1 2.3 
0 2.0 55.0 
• A and B are different batches showing low and high spontane-
ous GVBD, respectively . Counted after incubation for 4 h 
20-42 min at 26·c (A) or for 80- 90 min at 2TC (B). 
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Fig. 5. Kinetics of GVBD in puromycin in seawater. Unfertilized GV oocytes were 
incubated in 200 ,uM (A) or 500 ,uM (B) puromycin. Control oocytes were in-
cubated emetine-free seawater (SW). 
Table 4. 
Successive changes in oocytes induced by puromycin in seawater. 
Medium Stages 
Time of incubation (min) 
10 20 40 60 
sw GV stage 56.2% 62.4% 56.3% 63.5% 
GVBD 42.6 2.3 0 1.7 
Metaphase I 1.2 35.3 43.7 34.8 
No. of oocytes observed 162 133 135 181 
Pyuromycin GV stage 4.2 0 1.0 
GVBD 95.8 1.0 0 
Metaphase I 0 99.0 99.0 
No. of oocytes observed 48 97 104 
GV oocytes were incubated in seawater (SW) or 500 ,uM puromycin in seawater at 25·c 
and fixed after incubation for 10-60 min. Counts were made after staining with lacto-
a{)eto-orcein. 
after incubation for 7 hrs (Fig. 6a). 
DISCUSSION 
Oyster oocytes are released from prophase I arrest by puromycin, but arrested 
again at metaphase I. Emetine induces resumption of meiosis not only after 
prophase I arrest but also after metaphase I arrest. These results suggest that newly 
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Fig. 6. Disappearence of GV from puromycin-treated oocytes, incubated puromycin in 
seawater (a) at 100 ,uM for 7 hrs, (b-d) at 200 ,uM for 30 min, or (e, f) at 200 ,uM for 
60min, and then fixed and stained (a, x 370, b-f, x535). 
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synthesizing protein(s) required for prophase I arrest differ(s) from that or those 
necessary for metaphase I arrest. 
The meiotic cell cycle during oocyte maturation is said to be controlled by 
maturation promoting factor (MPF), the activity of which is regulated by two 
subcomponents, cdc2-kinase and cyclin. Inactive MPF, pre-existing in oo.cytes, is 
activated by dephosphorylation of cdc2-kinase and phosphorylation of cyclin. 
Active MPF maintains the metaphase I condition and inactivation of MPF attend-
ing the destruction of cyclin causes M-G1 transition (GuERRIER et al., 1990, 
KrsHIMOTO, 1990, YAMASHITA and NAGAHAMA, 1992). If this regulation mechanism 
is also operates in oyster oocytes, proteins blocking the release of prophase I arrest 
(prophase I blocker) might inhibit dephosphorylation of cdc2-kinase and phospho-
rylation of cyclin, while proteins blocking the release of metaphase I arrest (meta-
phase I blocker) block the phosphorylation of cdc2-kinase and dephosphorylation of 
cyclin. Puromycin seems to inhibit the synthesis of prophase I blocker, but not 
that of metaphase blocker. Emetine may inhibit the synthesis of prophase I and 
metaphase I blockers. 
The metaphase I blocker may be a cytostatic factor or a related factor. In 
Patella oocytes, the appearence of MPF does not depend on newly made proteins, 
whereas the maintenance of the metaphase I condition and chromosome condensa-
tion activity, relating to the presence of a cytostatic factor, requires a continuous 
supply of new, short-lived proteins (NEANT and GuERRIER, 1988). Emetine seems 
to block the synthesis of a factor maintaining the metaphase condition and chromo-
some condensation, causing a return to the pronuclear state ( decodensation of 
chromosomes and nuclear swelling). 
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